Abstract. A case of hypothyroid Graves' disease occurred following external radiation therapy to the cervical region is described. Severe hypothyroidism developed in a 56-year-old man 6 months after external radiation therapy for submandibular cancer. Serological evaluation of thyroid autoimmunity revealed the presence of antithyroid antibodies and thyrotropin-binding inhibitory immunogloblins (TBII). Diplopia, limitation of downward gaze, and palpebral edema developed 2 years after levothyroxine replacement therapy. Ocular magnetic resonance imaging revealed marked hypertrophy of the bilateral extraocular muscles with signal hyperintensity on T2-weighted images. This infiltrative ophthalmopathy showed marked improvement after additional treatment with high-dose methylprednisolone and orbital radiation, in parallel with a decrease in TBII. These results suggest that radiation-associated thyroidal injury might be associated with the etiology of hypothyroid Graves' disease.
THYROID dysfunction is common in patients who have undergone therapeutic external radiation to the cervical region [1, 2] . Primary hypothyroidism is the most common radiation-induced thyroid dysfunction, accounting for 20% to 30% of cases, with approximately half of the cases presenting within 5 years after treatment [2] . The risk of thyroid cancer in these patients is 15 times as high as that in a nonirradiated population [1, 2] . In addition, Graves' disease, Graves' ophthalmopathy or both may develop after external radiation therapy, with a prevalence of 0.1% to 7%, in patients treated for Hodgkin's disease [3] [4] [5] [6] .
Hypothyroid Graves' disease is rare and is defined as a subgroup of Graves' disease, based on the presence of Graves' ophthalmopathy and hypothyroidism without a history of antithyroid treatment [7] . Serological evaluation for thyroid autoimmunity also indicates that thyroid-stimulation blocking antibodies (TSBAb) are not a cause of hypothyroidism, but that destructive changes in the thyroid are probably responsible for hypothyroidism [8] . In contrast, thyroid-stimulating antibodies (TSAb) are detected in most patients with hypothyroid Graves' disease [8] . Although the exact etiology of the ophthalmopathy in hypothyroid Graves' disease remains controversial, the severity of Graves' ophthalmopathy is correlated with TSAb titers [9] .
Here, we report on a case of severe hypothyroid Graves' disease which developed after external radiotherapy to the cervical region.
Case Report
A 56-year-old male noticed a right cervical node enlargement in May 2001. Extensive resection of the primary tumor and neck dissection were performed at a local hospital. Subsequent pathological studies showed squamous cell carcinoma of the submandibular gland with metastasis to the cervical lymph nodes.
After surgery, the patient received external radiation therapy, with 60 Gy delivered in 30 fractions over 6 weeks to the right submandibular region and the right cervical region, including the thyroid gland. Marked generalized fatigue and pretibial edema developed 2 months before hypothyroidism was diagnosed in January 2002 (Fig. 1) . Treatment with 100 µg/day levothyroxine was started to establish and maintain a euthyroid status. In January 2004, several eye symptoms, including diplopia, limitation of downward gaze, and palpebral edema, developed and gradually worsened, 10 months before the patient consulted our hospital.
The patient was 170 cm tall and weighted 55 kg. The family history was negative for thyroid diseases. Physical examination revealed limitations of upward, downward and lateral gazes, and proptosis (23 mm for the right eye and 22 mm for the left eye on the exophthalmometry). The thyroid gland was not palpable, and thyroid ultrasonography revealed diffuse hypoechogenicity and normal thyroid volume of 12.8 ml, which was estimated by using the equation for an ellipsoid: pi/6 (length × height × width). Thyrotropin (TSH) and free thyroxine (FT4) concentrations were measured by enzyme immunoassays (AxSYM TSH and AxSYM FT4, respectively, Abbott Japan Co., Tokyo, Japan). The reference ranges used for serum TSH and FT4 were 0.30-5.00 mIU/l and 0.70-1.60 ng/dl, respectively. TBII activity was measured with the commercial ELISA kit (RSR Ltd., Cardiff, UK, normal range less than 15%). TSAb and TSBAb were measured by the commercial RIA assay kits (Yamasa Co., Chiba, Japan, normal range less than 180% and less than 45.6%, respectively). Anti-thyroglobulin and anti-thyroid microsomal antibodies were determined by commercially available hemagglutination methods (TGHA: Thyroid test and MCHA: Microsome test, Fuji Rebio Inc., Tokyo, Japan, normal ranges less than 100, respectively). Anti-thyroglobulin antibodies (TgAb) and antithyroid peroxidase antibodies (TPOAb) were measured with a commercial RIA kit (RSR Ltd., Cardiff, UK, normal range less than 0.3 U/ml, respectively). Laboratory studies revealed that a near-euthyroid state had been achieved with levothyroxine replacement therapy (62.5 µg/day). TBII and TSAb, and anti-thyroid antibodies (TgAb and TPOAb), were positive (Fig. 1) . Ocular magnetic resonance (MR) revealed marked hypertrophy of the bilateral extraocular muscles with signal hyperintensity on T2-weighted images ( Fig. 2A, B) . Treatment with methylprednisolone, 1000 mg per day for 3 days/week, was performed over a 3-week period and was followed by radiation to the orbit, with 20 Gy delivered in 10 fractions over 2 weeks. Thereafter, prednisolone was administered orally (20 mg/day) and tapered. Visual symptoms showed marked improvement, which was in the accordance with the improvement in muscle hypertrophy and the disappearance of signal hyperintensity on T2-weighted MR images (Fig.  2C, D) . When prednisolone was withdrawn (Fig. 1) , immunoactivity for TBII, TSAb, TgAb, and TPOAb also decreased to 13.9%, 300%, 4.3 U/ml, and 31.5 U/ ml, respectively. Mild diplopia remained, but the limitation of gaze and the palpebral edema were clearly improved. The patient showed no other sign or symptom suggesting recurrence of ophthalmopathy 6 months after high-dose methylprednisolone treatment and radiation therapy to the orbit.
Discussion
Since Fox and Schwartz reported on 46 patients with hypothyroid Graves' disease in 1967 [10] , no susceptibility gene or environmental factors have been reported to be associated with the onset of this disease. External radiation significantly increases incidences of both hypothyroidism [2] and Graves' ophthalmopathy [2] [3] [4] in patients exposed therapeutic doses (30-70 Gy) to the cervical region. These evidences suggest that onset of hypothyroidism and/or Graves' ophthalmopathy in the present case might be triggered by thyroidal injury with external radiation therapy. In a review of the literature from 1967 through 2004 found 6 cases of hypothyroidism and ophthalmopathy during radiation therapy [11] [12] [13] 4] (Table 1) . Although 4 cases were poorly documented, clinical features of ophthalmopathy in 2 cases were improved by treatment with prednisolone and levothyroxine and with retro-orbital radiation therapy, respectively [11, 12] . Antithyroid antibodies were positive in 3 cases, but TBII was not detected in any cases. Furthermore, all patients had Hodgkin's or nonHodgkin's lymphoma. Thyroid dysfunction observed in malignant lymphoma survivors can be caused in part by immune regulation disorders [6] , suggesting that thyroid dysfunction might occur even if these patients did not receive cervical radiation therapy.
The age of our present patient, the radiation dose, and the latency until the onset of hypothyroidism or Graves' ophthalmopathy were similar to those previously reported cases, although the underlying disease in the present case was uniquely submandibular cancer (Table 1) . Moreover, at the onset of severe hypothyroidism 6 months after external radiation therapy to the cervical region, TBII and TSAb were positive, in agreement with a previous report of autoantibodies in hypothyroid Graves' disease [8] . Although several Arrows indicate enlarged extraocular muscles with signal hyperintensity on T2-weighted images.
reports suggest that the ophthalmopathy in cases of hypothyroid Graves' disease improves spontaneously during levothyroxine replacement therapy [14, 15] , in our patient treatment with levothyroxine that achieved a euthyroid state could not prevent ophthalmopathy 2 years later. However, the improvement in infiltrative ophthalmopathy and the decrease in TBII can be attributed to the additional treatment with high-dose methylprednisolone and orbital radiation. A possible mechanism of radiotherapy-induced thyroid dysfunction involves direct thyroid cell injury from radiation and immunological reactions induced by the release of autoantigens or by T helper lymphocyte overbalance [1, 2] . The frequency of autoimmune thyroid diseases, including Hashimoto's thyroiditis [16, 17] , Graves' disease [3] [4] [5] [6] and Graves' ophthalmopathy [4] , in patients who have received external radiation therapy is significantly higher than that in untreated controls. Indeed, patients who have received external radiation to the cervical region are more likely to have antithyroid antibodies than are untreated patients [17] , and the titers of antithyroid antibodies are elevated after radiation therapy [18] . In our case, various autoimmune antibodies, including TSAb, TgAb and TPOAb, were detected at the onset of Graves' ophthalmopathy. Since the accurate measurement of TSBAb activities depends on low concentrations of TSAb [8] , TSBAb is out of evaluation at the onset of Graves' ophthalmopathy. According to previous reports, titers of TSAb, but not of TBII, are significantly higher in patients with Graves' ophthalmopathy than in patients without Graves' ophthalmopathy [19] , and the severity of Graves' ophthalmopathy is correlated with TSAb titers [9] . Although the absence of TPOAb is associated with a 5-fold increased risk of Graves' ophthalmopathy, the presence of TPOAb or TgAb is not a risk factor for Graves' ophthalmopathy [20] . These findings suggest that of the autoimmune antibodies detected in this case, TSAb is the most likely to be related to the development of Graves' ophthalmopathy.
We have reported what we believe is the first known case of hypothyroid Graves' disease with positive TSH receptor antibodies, triggered by external radiation to the neck. For curative treatment of nonthyroidal neoplastic diseases in the cervical region, external radiation therapy is extremely popular and sometimes cannot avoid including the thyroid gland within the field. Therefore, occurrence of severe hypothyroid Graves' disease should be paid attention to during follow-up of patients who have received external radiation therapy to the cervical region. 
